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Introduction
Degenerative lumbar spinal stenosis (DLSS) is a condition related to aging in which changes in facet joints, ligamentum flavum, posterior longitudinal ligament and intervertebral disc cause narrowing of the central canal and intervertebral foramen [1] .
Central canal narrowing is mostly associated to neurogenic claudication, while lateral recess and intervertebral foramen stenosis usually present with radicular syndromes. Back pain is usually present. Degenerative listhesis may also be associated, with or without instability. These clinical features may be considered separately or together, creating heterogeneous cohorts [2, 3] .
Despite the absence of clear diagnostic and classification criteria, symptomatic DLSS is relatively common. Kalichman et al. [4] , using data from the Framington study, found a prevalence of radiologic DLSS ranging from 19% to 47%, depending on criteria used. Indeed, DLSS is currently the leading cause for spinal surgery in patients over 65 years [5] .
When nonsurgical treatment fails (e.g. physical therapy, spine injections, conventional and neuropathic pain medicine) and the patient is in pain and functionally limited, surgical treatment may be an option. Decompression seems to be particularly beneficial when radicular pain and/or neurogenic claudication are the predominant symptoms [2] . The classic surgical approach consists of a wide decompression, associated or not to arthrodesis. Morbidity includes post-operative pain, dural tear, blood loss, infection, and immobilization [3] .
Cadaveric spine studies suggested that an interspinous process device (IPD) could improve the central canal area in up to 18% [6] . At the beginning of this century, IPDs were approved for patient use [6] and introduced as a less invasive surgical alternative. Questions regarding safety, efficacy, and cost-effectiveness are still unanswered. Randomized controlled trials (RCT) have compared IPDs to conservative treatment [7] [8] [9] or to standard surgery [10] [11] [12] [13] [14] [15] [16] , but there is an overall concern regarding bias risks and small population samples. Four systematic reviews have been published [17] [18] [19] [20] , but only one of these reviews examined exclusively RCTs [19] . Nevertheless, this systematic review included only 4 of the available studies.
The aim of this study was to provide complete and reliable information regarding benefits and harms of IPDs when compared to conservative treatment or decompression surgery and suggest directions for forthcoming RCTs.
Methods
This systematic review was registered at the institution's research management system under number 2287-15 and at Prospero (International prospective register of systematic reviews) under number 42015023604. We followed the PRISMA statement for systematic reviews guidelines [21] . The PRISMA checklist may be found in S1 Appendix.
Patients, interventions, comparators and outcomes
Patients. Male and female adults with DLSS confirmed by computed tomography scan (CT) or MRI were included. Patients with revision surgeries or previous surgeries were excluded.
Intervention. (MD) with 95% CI. Sensitivity analysis was performed to examine the effects of pooled data. Heterogeneity of estimate effects between included studies was assessed by visual inspection of the forest plot and the test for heterogeneity. The magnitude of inconsistency was quantified across studies using the I-squared statistic, interpreted as follows: 0% to 40% might not be important; 30% to 60% may represent moderate heterogeneity; 50% to 90% may represent substantial heterogeneity; 75% to 100% considerable heterogeneity. In cases of considerable heterogeneity, we explored the data further by comparing the characteristics of individual studies and conducted subgroup analyses. When appropriate, results of comparable groups of studies were pooled in meta-analysis using the random-effect model as a default (considering cohort heterogeneity). For dichotomous outcomes we calculated pooled RR with 95% CI. When two or more studies presented continuous data derived from the same validated instrument of evaluation using the same units of measure, data were pooled as MD with 95% CI. When primary studies expressed the same variable using different instruments and different units of measure, we used the standardized mean difference (SMD) with 95% CI. When necessary, standard deviation (SD) was calculated from: 1. standard error (SE); 2. CI and sample size; or 3-p value for a t-test comparing 2 means.
3. Given p value and both sample sizes, we recovered the bicaudal inverse of Student t-function, based on N1+N2-2 levels of freedom (INV T BC function on Excel).
, assuming that the mean of SD's may represent both values (23) .
The compiled dataset was analyzed with a statistical software package (Review Manager1 Version 5.3. Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2012).
We used the GRADE approach to assess the quality of evidence related to each of the key outcomes [24] . We reported the main results of our review in a 'Summary of findings' table. The 'Summary of findings' table makes available key information concerning the quality of evidence, the magnitude of effect of the interventions examined, and the sum of available data on the main outcomes.
Results

Search strategy
Our search strategy identified a total of 736 records. After removing repeated inputs, 294 records were reviewed, and full articles were obtained for 17 potentially eligible reports published between 2005 and 2015. At the end of the assessment, six studies were included (nine reports) and eight were excluded (Fig 1) .
Patients and study characteristics
We rejected eight papers [25] [26] [27] [28] [29] [30] [31] [32] for several reasons, most frequently for not being randomized or for the absence of a control group ( Table 1) .
The six studies included were RTCs, with five being multicentric. The minimum age for recruitment was 20 years in one trial [10] ; 40 years in three trials [11, 14, 15] and being older than 50 in two other trials [9, 13] .
One study compared the IPD to non-surgical treatment [7] [8] [9] and therefore excluded patients with more severe symptoms for the control condition to be ethically acceptable. Among the studies that used standard surgery as control group, one study [11] excluded patients with mild symptoms. Details of included studies can be found in Table 2 .
Bias assessment
Methodological flaws were the rule and not the exception in many trials, and assessment revealed an overall high risk of bias, especially concerning blinding of participants and personnel (performance bias) and blinding of outcome assessment (detection bias). The authors' judgments about bias risks for each study are presented in Figs 2 and 3.
Effects of interventions
The primary aim of this review was to investigate the possible benefits and harms of IPDs for the treatment of DLSS compared to nonsurgical treatments or decompressive surgery. The studies included allowed the analysis of both comparisons: IPD versus conservative treatment [7] [8] [9] and IPD versus decompressive surgery [10] [11] [12] [13] [14] [15] [16] . IPD vs. conservative treatment. The reports of Zucherman et al [9] , Anderson et al [7] and Hsu et al [8] refer to the same trial. Non-surgical treatment consisted in spinal injections, anti-inflammatory and analgesic drugs, and physical therapy. IPD was implanted with standard procedure.
Primary outcomes. Pain and overall functional status were not assessed in any report. The specific ZCQ was included in two papers. Zucherman et al [9] and Anderson et al [7] (reporting on a subgroup of patients with listhesis) concluded that patients in the IPD group improved significantly more than controls in all three ZCQ domains.
Treatment failure was defined as need for laminectomy in both groups (reoperation in the IPD group). A total of six patients out of 93 in the IPD group needed laminectomy, compared to 24 out of 81 in the control condition (RR 0. [7] had similar outcomes.
Secondary outcomes. Hsu et al [8] analyzed quality of life (SF-36) changes in patients submitted to IPD implants compared to controls. He reported a significant improvement in the IPD group, especially in domains related to physical activity.
Complications were most frequent in the IPD group ( Again, the subgroup of patients with listhesis published by Anderson et al [7] had similar outcomes.
The trial reported by Zucherman et al(9 [9] ), Anderson et [7] al and Hsu et al [8] did not provide analysis on cost-effectiveness.
IPD vs. decompressive surgery: Primary outcomes. Azzazzi et al [10] observed that at the end of follow up (24 months) the IPD group back pain VAS improved to a mean of 29.5 points, while the control group improved to a mean of 37.5. Davis et al [11] found at 24 months a mean back pain of 23.6 for IPD and 27 for control patients (p = 0.345, effect size -0.13). Lonne et al [13] reported at 2 years mean back pain scores of 28.6 for the IPD group and 31. Azzazzi et al [10] observed that at the end of follow up (24 months) the IPD group leg pain improved to a mean fo 25.5 points, while the control group improved to a mean of 35.5. Daviset al [11] found at 24 months a mean leg pain of 20.6 for IPD and 24.1 for control patients (p = 0.364, effect size -0.12). Lonne et al [13] reported at 2 years mean leg pain scores of 26.3 for the IPD group and 29 for control patients (p = 0.65). Moojen et al [14] observed at 104 weeks leg pain scores of 21 in the IPD group and 26 in the control group (p = 0.22). Stromkvist et al [15] found at 24 months a mean leg pain VAS of 25 for IPD and 21 for control patients. Quantitative synthesis is presented in Fig 5. Azzazzi et al [10] observed that at the end of follow up (24 months) the IPD group ODI improved to 26.5 points (mean), while control group improved to 34.5 (mean). Davis et al [11] found at 24 months a mean ODI of 22 for IPD and 26.7 for control patients (p = 0.075, effect size -0.24). Lonne et al [13] reported at 2 years mean ODI scores of 14.3 for the IPD group and 18.4 for the control group (p = 0.285). Moojen et al [14] observed for Modified Roland Disability Questionnaire at 24 months a score of 7.5 in the IPD group and 8.1 in the control group (p = 0.65). Stromkvist et al [15] did not use non-specific functional scales. Meta-analysis for overall functional status (Fig 6) resulted in a SMD of -0.53 [-1.07, 0.02] with high heterogeneity (I 2 = 88%). In sensitivity analysis (Fig 7) , we excluded data from Lonne et al [13] (the only study where the control group used a minimally invasive surgical technique) and SMD scores [15] observed no difference between groups in ZCQ scores after 24 months. Meta-analysis with data from Davis et al [11] and Lonne et al [13] The overall reoperation rate was higher in the IPD group in all studies, with the trial from Azzazzi et al [10] [12, 13] interrupted recruiting after midterm evaluation due to high rates of reoperation secondary to persistent or recurrent symptoms in the IPD group. Meta-analysis for these findings is detailed in Fig 8. Considering scenarios Secondary outcomes. Davis et al [11] measured the physical and mental health components of SF-12 and found for the physical component at 24 months a mean score of 43.8 for patients in the IPD group and 40.7 for controls (p = 0.05, effect size 0.28). There was no significant difference for health component. Lonne et al [13] applied EQ-5D and reported at 2 years mean scores of 0.688 for the IPD group and 0.73 for the control group (p = 0.416). Moojen et al [14] used SF-36 and reported for physical functioning a mean score of 63 for IPD patients and 62 for controls after 54 weeks of follow-up, with results being similar in other domains. Four studies reported complications other than reoperation. Azzazzi et al [10] , Moojen et al [14] and Stromkvist et al [15] considered only direct surgical complications, whereas Davis et al [11] [11] were later published in shorter form, and with 5 years of follow-up results were very similar( [33] .
Van den Akker-van Marle et al [16] analyzed the same data set as Moojen et al (FELIX Trial) [14] regarding QALY, health-care costs, social costs, and a cost-utility analysis. They observed that the probability of IPDs being more cost effective than decompression was far below 50%. The costs of IPDs were significantly higher and did not improve quality of life when compared to surgical decompression.
Lonne et al [12] published cost-effectiveness data in a separate paper, comparing health outcome, health care costs and calculating the incremental cost-effectiveness ratio: (total cost IPD-total cost control) / (QALY IPD-QALY control). The conclusion was that IPD was 50% 
Discussion
Summary of main results
We included six trials that resulted in nine papers involving 930 patients to analyze effectiveness and safety of IPD implant for treating DLSS. One trial compared IPD to conservative treatment, and five trials compared IPD to decompressive surgery.
Overall trial quality was low, and there was missing data for important outcomes from all trials. One trial suggested that IPD is more effective than conservative treatment for DLSS [7] [8] [9] . Treatment failure appeared to be significantly lower in the implant group. However, complications seemed to be more frequent for the IPD group compared to conservative treatment.
Low quality evidence indicated that outcomes regarding pain, functional status and quality of life are similar. However, treatment failure was significantly higher in IPD group compared to decompressive surgery. Results are conflicting for other complications. Cost-effectiveness analysis favored conventional surgery. Summary of results according to GRADE criteria can be found in Tables 3 and 4 .
Overall completeness and applicability of evidence
We included only RCTs in this review, which resulted in the inclusion of six trials (nine papers) with 930 participants. IPD implant was compared to conservative treatment (one trial) and surgery (minimally invasive surgery-one trial, decompression and arthrodesis-two trials, and decompression only-three trials).
Primary and secondary outcomes were not measured in all studies and were often published in incomplete form.
Subgroup analysis was not feasible. Therefore, there was an important lack of data for our analysis and this limited the applicability of our findings.
Quality of the evidence
The overall quality of the evidence was low, as the result of methodological flaws, such as absence of blinding, allocation concealment, and potential conflicts of interest. Not all papers reported data compatible with the CONSORT Statement standards [34] .
Thus, quantitative results of this review should be interpreted with caution and require further confirmation.
Potential biases in the review process
This review was conducted in conformity to previously published criteria (Prospero). Our search strategy was comprehensive, without language restriction. However, it is possible that we have missed some potentially eligible studies. Difficulty in contacting authors may have prevented us of including data in quantitative analysis.
A follow-up period of 2 years may be too short for a chronic degenerative disease such as DLSS. Although Musacchio et al [33] found similar results within 2 and 5 years of follow-up, the number of participants was too small to draw any conclusions. Kamala et al [35] reported a high symptoms recurrence rate after 24 months in patients submitted to IPD implant.
Agreements and disagreements with other studies or reviews. We found four previously published systematic reviews that strictly compared IPDs to decompressive surgery. However, only one addressed exclusively RCTs.
Wu et al. [18] included RCTs and non-randomized prospective studies, with a minimum of 30 patients, and follow-up of at least 12 months. They found no significant difference between IPDs and decompressive surgery in clinical outcomes (back pain, leg pain, ODI, RMQ). Quality of life was not assessed. The authors also found a significant higher rate of reoperation in the IPD group, with higher financial costs.
Hong et al. [20] considered RCTs and cohort trials, limited to the English language, and found similar results for the outcomes our study assessed, also with higher reoperation rates in patients treated with IPDs.
Phan et al. [17] included RCTs and prospective observational studies, limited to the English language. They found no superiority of IPDs compared to decompression and also found a higher reoperation rate in the IPD group.
Zhao et al. [19] considered only RCTs and included 4 trials. Their analysis indicated that IPDs had higher reoperation rates, higher back pain scores and worse cost-effectiveness compared with decompression. A Cochrane Systematic Review conducted by Machado et al. [3] on all treatment options for DLSS reported that IPDs did not provide better outcomes than conventional decompression and were associated with higher reoperation rates. 
